Abstarct-Late exponential phase of hairy root cultures of Catharanthus roseus cultivated in a statistically optimized medium were treated with permeabilizing agents (DMSO, Triton X-100, n-hexadecane and Tween 80) to establish the effect of their concentrations and exposure time on the biomass and major alkaloid(ajmalicine) yield & productivity. The permeabilizing agents TritonX-100(0.1% v/v) and nhexadecane(2%v/v) led to 98% increase in the specific yield of ajmalicine in the roots. Statistical techniques were used to determine the significance of various treatments and their response on the yield of the secondary metabolite. Both DMSO and Triton X-100 were found to be useful in effluxing ajmalicine into the medium resulting in a 12 fold and 16 fold increase respectively. The viability assay revealed the tolerance of the roots to all permeabilizing agents but tween 80.It can be concluded from the studies that permeabilizing factors were highly instrumental in enhancing the biomass and alkaloid concentrations and rates during the propagation of hairy root cultivation of Catharanthus roseus. Such a protocol of application of non lethal permeabilizing agents to leach out the key plant secondary metabolites can be extended to mass scale hairy root cultivation.
I. INTRODUCTION
Catharanthus roseus has been a source of wide variety of biologically active compounds. Ajmalicine is one such important monterpene indole alkaloid obtained from this plant, the production of which has been used as a model system for improvement in the bioprocess of several plant metabolites .The main bottleneck in the commercialization of the hairy root cultivation process is the low yield as well as the intracellular localization of the commercially important compounds [1] . Ajmalicine is stored in the vacuoles where by the action of the peroxidases it gets converted to serpentine thus making the continuous leaching out of the product all the more important. Permeabilizing agents are those chemical compounds (solvents) which, under non-inhibitory concentration levels, have the ability to reversibly increase the pore size of the cell wall as well as the vacuoles in order to leach out the metabolites so that the cell grows normally again for better mass transfer with respect to substrate and the product, leading to increased Manuscript received March 10, 2013 biomass and secondary product formation (and thereby increasing the overall productivity) by plant cells. This selective leaching of the product in the broth will not only facilitate the down-stream processing but also revive the cellular metabolism which otherwise get reduced due to accumulation of metabolites in the vacuoles. The effect of the permeabilizing agents is species specific and no generalized theories are therefore available to interpret their mechanism of action. Therefore it becomes important to select the right permeabilizing agent and optimize its dosage and time for better response from the system. In the present study several permeabilizing agents have been tested for hairy roots of C. roseus to create an environment for better yield of the alkaloids without sacrificing the viability. Biocompatibility is a major concern when biological and organic phases are brought in contact apart from the high product release capacity, chemical and thermal stability, non degradability, low emulsion forming tendency and low cost [2] . The efficacy and cost factors have led to predominant use of organic solvents as agents for permeabilization [3] . The compounds used in this investigation were selected on the basis of log P value. The toxicity is correlated inversely with log P, which is defined as the common logarithm of the partition coefficient (P) of the organic solvent between noctanol and water (log P >5 are found to be nontoxic) [4] .The experiments were conducted to analyze the effect of a single factor at a time on the ajmalicine production and release rather than a synergistic response due to a possible detrimental effect of the solvent combination.
II. MATERIALS AND METHODS

A. Hairy Root Culture
The cultures were maintained by transferring 0.5 g root tips into 40 mL liquid ½ B5 medium (half dilution of the standard B5)containing 3% sucrose every two weeks. .Cultures were incubated at 25oC with 16/8 light/dark illumination conditions. Experiments were conducted in statistically optimized B5/2 medium of the following composition:2.75 g/l , nitrate: 37.5 mg/l ,Phosphate along with Gamborg B5/2 Major salts + B5/2 Minor salts+B5 vitamins+16g/l sucrose [5] .The pH of the medium was adjusted to 5.8 before autoclaving. All the further experiments were conducted in the modified medium.
B. Analysis of Alkaloids
The fresh weight was analyzed by blotting dry the harvested roots immediately after sampling. For dry weight measurement the hairy roots were incubated at 35 ⁰C till a constant dry weight (DW) was obtained. Dried powdered Yield Enhancement Strategies for Enhancement of Indole Alkaloids in Hairy Root Cultures of Catharanthus Roseus D. Thakore, A. K. Srivastava, and A. K. Sinha root samples were extracted with methanol thrice and the extract was evaporated to 1/3rd volume and acidified with 3% HCl .To this solution, equal volume of ethyl acetate was added and phase separation was allowed to take place. The lower aqueous solution was collected and the pH was increased to 8.5 by the addition of liquor ammonia .This was then extracted with chloroform and the lower chloroform fraction was evaporated to dryness .The final sample was prepared in methanol.
The extract was quantified by High-performance liquid chromatography (Agilent technologies, USA) using a reversed phase C18 analytical column (4.6mm×150mm 5µm, Agilent Technologies 1200 series, USA ).
A photo diode array detector (DAD) was used for recording the absorption spectra (at 220nm) of the compounds using a linear gradient elution of acetonitrile and phosphate buffer as described elsewhere [6] .
C. Test for Viability
Tetrazoliumtrichloride (TTC) is reduced to a pink Triphenylformazan complex by live root tissues with a peak absorbance at 520 nm .This biochemical assay depends on the activity of the mitochondrial respiratory chain in living tissues which reduces tetrazolium salts to formazan products. Two hundred mg of fresh weight of hairy roots was cut into 1 to 2 mm long fragments and put into 10 ml vials containing 6 ml TTC-solution (0.6% w/v, 2, 3, 5 triphenyltetrazoliumchloride in 0.06 M Na2HPO4-KH2PO4 and 0.05% v/v, Tween 20). The sample was incubated for 20 h at 30 0C in dark. The formazan product was extracted for 15 minutes in 95 % (v/v) Ethanol (up to 60 0C) and the light absorption was measured at 520 nm by spectrophotometer. The viability of the test samples was expressed as relative viability (as percentage with respect to the control samples) assuming control samples as 100 % viable [7] .
D. Screening Experiments
Since different permeabilizing agents can trigger the biosynthetic pathway in a different manner several compounds were screened to establish their suitability (Table I) : DMSO(0.5%,1% and 2 % v/v) (Qualigens, India ) Tween 80 (0.01% , 0.5% 1 % v/v)Triton X 10( 0.01 % , 0.5 % and 1 % v/v)and n-hexadecane(1%,2 %and 4 % v/v)( Spectrochem, India) were added after aseptic filter sterilization through 0.22µm syringe (Millipore) filters. Complete growth and production profile indicated that the growth and synthesis were uncoupled (data not shown) and product is primarily accumulated in later (non growth) phase. Based on the above observations all the experiments were carried out with 15 days old root cultures with addition of the permeabilizing agents on day 26 (late exponential phase) to allow for adequate biomass accumulation by avoiding chemical stress in the lag or early exponential phase and allow the activation of the enzyme machinery as ajmalicine production begins in the stationery phase. Flasks were harvested on day 30. Equal amount of water was added to the control cultures.
E. Statistical Analysis
The variations between the treatments were analyzed by running the data of the different experiments through one way ANOVA using Design expert version 5.0.9. ANOVA values between the permeabilizing agents were calculated and null hypothesis was applied. The student t-test was used for the comparison of mean (after a significant overall F test was observed in ANOVA) but more importantly to obtain a P value (Table II) .The results were considered as statistically significant for values of P≤0.05. The data was assumed to be normally distributed in the entire range. the control even with the supplementation of the highest concentration (2v/v%). The biomass exhibited a slight decrease as compared to control at all concentrations of DMSO. A similar observation has been reported earlier wherein the increase in DMSO treatment from 0.5 to 2 % in Catharanthus roseus hairy roots decreased the biomass to 6.3 g/l as compared to 7.9 g/l in control [8] . Triton X -100 is a commonly used surfactant in the food industry [9] and is also extensively used as a permeabilizing agent for several plant cell systems [10] . In the present study also efficient efflux of ajmalicine was observed (22.5 mg/l, a 16 fold increase) compared to control cultures at the lowest concentration of Triton X-100 (0.01% v/v)( F=439.29, P>0.0023) which is of particular importance from the economic point of view especially in large scale reactors. Ajmalicine synthesis was simulated at all concentrations studied with a 97% higher content. (9.86±0.714 mg/gDW) with 0.5 % v/v Triton -X 100 (F=201.04, P>0.005).Addition of n-hexadecane (log P value=8.8) led to an increase in ajmalicine release and accumulation with maximum of 9.83±1.98 mg/gDW at 2% v/v (F= 267.8, P>0.0037) as compared to control. Further increase in concentration decreased the ajmalicine accumulation (F= 194.5, P>0.005).
A slight reduction in dry weight was observed at all concentrations. The advantage in n-hexadecane treatment lies in the fact that it acts as both a permeabilizing agent and oxygen carrier [11] and [12] . Tween 80 (Polyoxy ethylene sorbilane monolaurate) widely used in microbial and animal technologies failed to over induce the ajmalicine accumulation in the roots as well in the medium at all tested concentrations However, at 1% v/v the ajmalicine content showed a slight increase which might be due to the increased stress induced on the roots that might have led to cell lysis as the viability was seen to drop to 48%. This is contradictory to the results reported for Glycyrrhiza uralensis hairy roots [13] showing that the effect of the permeabilizing agents cannot be generalized. ANOVA was started with the F-test, the significance level associated with which was P≤0.05. The F-test was found to be significant for all treatments which indicates the rejection of the nullhypothesis ,that the independent variable has no linear effect on the dependent variable. A detailed statistical evidence of the significant difference between the population means for ajmalicine accumulation as well as release. was achieved by student t-test (see Table II ).
B. Effect on Cell Viability
The cell viability is of utmost importance when the cultures are exposed to different permeabilizing agents to allow for recycling of the biomass and medium.The viability was observed to vary from 89% to 78.5 % as the DMSO concentration was increased from 0.5 % v/v to 2% v/v. Dimethylsulfoxide (DMSO) has been used for the reversible permeabilization of immobilized cells of Catharanthus roseus [14] .Previous reports suggest the tolerance of Catharanthus roseus cells towards DMSO [15] . Triton X-100 caused a significant loss in viability only at the highest concentration (1% v/v). Hairy roots were found to be tolerant to hexadecane treatment except at 4% v/v as opposed to tween 80 which led to a loss of viability at all concentrations. 6.55 P<0.0001*** *Magnitude of Difference . For P >0.1 the difference is completely insignificant, P < 0.05 significant, P ≤0.0001 highly significant
IV. CONCLUSION
All the permeabilizing agents used for the investigation exhibited different trends with respect to production ranging from 0.59±0.04 mg/gDW to 9.86±0.714 mg/gDW .The efficient efflux of ajmalicine by permeabilizing agents nhexadecane, Triton X -100 and DMSO as compared to control was confirmed in the present study .The above results suggest that a cycle of growth phase followed by an optimal production and permeabilization procedure can be applied repeatedly. This technique in future may find an application in the downstream processing not only by leaching out water soluble vacuolar secondary metabolites like ajmalicine but also preventing the feed back inhibition by removal of the end products [16] , [17] of the pathway particularly in large scale systems [18] , [19] thus facilitating a continuous product recovery and enhanced culture growth and metabolic activities of rather slow growing plant hairy roots.
